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The wall-Torming Fergusonina/torgisohio dssocition w heing considered as o potential hiocontral agent of
Melidenca guingueneryie in Flondi, where it las hecome s serious weed. This puper reports nbservitions on
ihe devetopment of Fergasoninasb ergusebio galls on Mo guiigreaervia i eoastal aid sub-constal south-casterm
Oucenstand aml parthern Mew Suuth Wales, The morphology of the gall and the refutionstiop hetween pall size
and ntmibers o developing cavities and inseets are deseribed. Nematodes were found i eavities contuining first
and second o carly thitd sthge tly larvig. Eight specics of hymenopterm parsitoids svere reaed from galls,

ey Worpss Calls, lield sueveys, Fergisonim, Fergusobio, Melalenco quingtienorvia, fids, nenviodas.

prargsiteids, wall tguilines.

Introduction

The obligae association between  Ferguyaninu
spp. (Diptera: Ferausoninidae 1 and Ferersolia spp.
(Nematodi: Tvlenchida: Sphaeruliarindic) in galls on
members of family Myrtaceac s amongst the nost
comples known (Taylor ez af. 1996. Gibhin-Duvis ¢
al. 20010 The fly/mematode association was sl
desertbed by Currie (1937) and development of the
nematode was further clariticd by Fisher & Nickle
(1968). The nematode s Two types of life cyele,
with a parthepogenetic geperation foHowed by a
heterosexual seneration, Ino the Jatter. male and
[emale nematodes develop w the adull stage w ihe
plant call, where young females are inseminated. ind
then enter the mature third stage larva ot the fermale
My. They become purasites ol the fly. growing and
laying cggs o the huemolymph of the adult 7y
developing in the puparivim. Juvenile nematodes
hutch and some move into the fly ovaries. When (he
adult [ty emerges Tram the gull, it deposils s eggs
and Juvenile nematodes within primordial Teal” and
lTower bud tssues, where new galls develop and i
which the parthenogenetic  generation ol the
neratode occurs, Giblin-Davis (unpub. 2000) Has
prefiminary  evidence  sogeesting  thar o M
yuingrenervia the nedrtode fitates gall formarion
belore the Ty eges have halched, The leeding
activity ol the Tly larvae apparently Teads (o
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formafion of the characteristic cavities within the
pall  (Currie 1937, Giblin-Davis — unpuh.)
Associations hetween the nematode wnd My appear
he species-specific (Giblin-Davis of e 2001 ).

The 21 species of Fergisoning described fron
Australia are from Eucalypoes CTonnair 1937) willy
one species rom Indiie on Svevgivm (Huns T982),
Most yecords of  Fergusobi nematodes wee Trom
Eucalvpiies spp. rony Austidia (MeLeod e gf. 1994
Giblin-Davis er al. 2001). Eight new species ol
Fergusoning (hes. with pawinal descriptions ol
another sixo un-named species (Taylor pers, com,
2000 and seven new species ol Fergsobio, with
pirtal deseriptions of another three un-named
apecies (Davies pers com. 20010 are currently being
deseribed from Metalenca. Lanle s known ol the
biology and  development  of  Fergipsonina/
Fergusobia galls on Melalewca,

Melalenca quinguenervia (Cave) 8T, Blake, the
broad-lealed puperbark tree, 15 widely distnibuted
along coustal streams and in swamps from neide
Sydney to Cape Yark i Australin (Holliday 196Y)
and has become g papular ormamental tree in tropical
and sub-tropical regions o the world (Gagné ¢ af
19971 It was introduced into Florida o 1906
(Schimitz e al 1991 and is now regarded s Lhe
must problematic weed there (Florida Conservation
Foundation 1993). 1t causes extensive environmental
and cecononiic damage (Balciunas & Center 1941
and  has invaded  more than 2000000 hectares
including wetkaids (Bodle ¢f wf. 1994) Conventional
control methods, including burning. stashing and
application ol herbicides have proved mellective,
costly or environmentally unsound (Guagne ¢f al,



46 A DAVIES. L MARKINSON & M F PURCELL

1997). Ty Austrilia. Mo gringnenervia is assovimed
wilh mare than 450 herhivorous nseets (Balciunas o
al. 1995a) that suppress it growlh (Balcivigs &
Burrows 1993} and  spie have  polenfinl as
biocontiol agents (Balciunas er ol 19950, Variong
wall-formers found meladed three species ol gal
midges (Dipteras Cecidomyiidae) (Cagne o ul,
1997 and e Ferguyonina/Ferausobiu association
(Balciunas. ec af. 1995h), Galls ol the Ferguson-
tiu/Frergnsabio act wg o “modetately  power ful”
etiholic sk, and could pofentially siuppress sceed
prodiction and reduce tree vigour (Goolsby e w1l
20000 Hence this association is hemng considered
among - suite ol hsects ws biocontrol agents of M,
gianguenemvia (Balenmas ¢f ofo 19950, Goolshy e
al, 20001,

Fergnsominasbergusabio galls on Fncalypoes spr
Frequently contain w comples o hymenopteran
parasitaid - species and  herbivorons lepdopleran
inguilines, but there have been few studics on these
wssvciated seets (Currie [937; Tavlor ¢f al. 1996)
There s eonsiderable varinbility beoween pulls
terms of parsiond popalations and speeies and their
amdrgence (Taylor e ol 1996). Howevey, little (&
Lnow naboul ther elfect on Fergusonina/Ueransobia
aills on Melulenca spp. Tooassess the potential ol
Fergusonina/bergusehia spp. as hiocontal agents ol
Melalenea spp., the role ol their parasitoids necds
he examined,

This puper teporls on the development ol
Fergusaninallergusebiv gulls on M. qrngnenern i
e southern Quaenstand amd northerm NSW and the
parastiords found i them. as determined Teom ekl
surveys. Both the nematode and the 1y we pew
specios, and will he deseribed elsewhere

Materials and Methods

Gulls were collected Trom specimens of A7
liphgtecier oo i Aol 1997 From coastad and sub-
comstal, seasonally inndated, sites in soulh-castern
Queenshund and porth-castern New South Wales:
Peregian National Pack (267 30" 5, 153 05" 5\
Coolum (265 54" S0 1537 05" B Coolum Aorlield
(167 36" 5. 1537 05" ). Roy's Roud (267 51" 5. 1327
3% B Moruyhield 1270 07" 5. 152 SR E).
Burpengaey (277 09" 5. 1527 58" E). Bracken Ridue
(277 19" 5, 1557 01" 1), Nudgee (277 23" §, 1557 06/
F), Chelmer (277 347 S, 152" 58! 1), Coanda (277
3208, 1527 SR E) Poltsville (287 22° S, 1537397 By,
Oxley Park (277 33" 8, 152 59 E). Donlandellu
(2737 801577 39" =) and Woodbuin 1290 137 8.
1537 16" ). Oveasional colleetions were also niade
from some of these sies i 1996, in Decembaer 1997
und July 1994

Cralls that appeared fo consist ol Hving Gssue gl
sl dyd net Tave wbyvions exil holes were sbored in

plastic bags ac 5 C unlil examination (within 7
days). Using wsealpel blade, gulls were sliced ip g
water under o disseeting nicroscope. Laree palls
were eut i halt and only one purl wis dissecled,
Some mature third stage Ty hvae and - puparia
extracted were rinsed and 1hen divsecied in 0 8%
NaC'l for extraction of pacasitic nematodes. The
morphological characteristios, number ol cavilies.
presenee or absence of nematodes. number of fly
Farvie and/or puparia. number ol wasp Lirvae and/or
pupae, and number ol lepidoperan inguilines fop
each gull were recorded, Nematodes were collecled
and Tixed tn ol formalin acefic acid (421 processed
through aleohol/glycerol ino pure glycerol by slisy
evaporation 407 Coand mownted m glyedral on
glasy slides for examination (Davies & Lloyd [946).
Papuc and puparit were either preserved in aleahol
o kepl freshy in plastic vials and cheeked gaily fon
emergence of isects. Adulty ermerging from galls
were cither preserved in 70% aleohol or pinned fuor
dentification, Undissected halt galls were monired
Tor emergence of flies, parasitoids and inguilines wnd
any insects emerging were treated as above,
Nematode  specimens  Trom  this sty were
deposited in the Waite Tnstiture Nenatode Colleetnon
(WINC), aceession nunihers 977 - 981, 984, RS,
Y94 - WDRC Inseet voucher marerial was depuosited i
the United Staies Department ol Agriculiine,
Agricultural Rescarch Service, Australign Biological
Control Laborutory (ABCL) insect collection.

Results

Deserviption of aall

Gulls (Figs 1, 2) are found throughoul (he year,
ithough they we more prevalent hetween April and
October. In particulir, they oceuron the Mlush of new
vogdtative growth that oceors anainly durng the
winter months (Goolshy ¢t al. 20000 They vsually
develop i terinal buds (137 of 177 galls examed
From 13 siles 1o July 19970, gither on stems (80 85)
or Mower spikes (1,29 ), bt ocedsional by develiys
kil galls GO ol 1775 or a the hase ol o Mower
spike (8 od 177). Matgre salls were nodulae with the
appearance of aosmall bunch of crapes; dissechons
showed that caeh nodule contained a cavity, Those
ol Tlower spikes were sessile (g 1) but tenmimal
bud galls were stilked (Fig 2. Some were coverod
with line hairs (Fige 250 others appeared somoothy i
hairless (Fig. 1)

Galls appear (o have arisen from a single bud, with
the ventral surtoee of the leatfleaves forping the
external face of the pall, Some galls, deseribed as
deady walls™ (Fig. 2), had (he ouler leaves prowing s
normal leal fissie heyond the fip. When sectioned.
the palled tissue was softc except around  cayiics
ocenmed hy some ymenoptéran inguiline larvae, Tn
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Fig. 2,

Figs L 20 Fergusonima/Fergusobg palls on Melalenca
ginfiene v Flae 1o Matire flower bud gall with it
fodes Seale biar = 1o Fig, 20 Leal bud galls with feal’
material erowing beyond the gallo Scale bar = 1 e,

fransverse seclion. galls were rounded in outline ;ind
tissues fregquently had o reddish o pinkish ooge.
Clavities containing i developing Ty farva were sval
i Jongitudinal section and  appeaed oo e
surrounded by young, white, undifferentiated plant
ciells, These cells were absent i cavities contaimng
pupar and  aeoond some cayvities that contained
liynienopteran nguiline hovae, Gall nodules with
cavities contnining pupiari bid @ window-like wrea
ol thin plunt epidermis through which the adale 1y
could emergpe.,

The avernge nwmber of nodules per gall collected
i 1997 was (mean £ 81) 7.6 £ 5.5 (n= 175, range |
=270 I duly 1998, fresh weights and lengths nd
hreadths o 33 galls from Chelmer and Corinca woere
meusured. and the number ol nodules for each gall
wits counted. The galls were then sliced ap and the
number and locption of the cavites was nofed.
Regression analysis showed a linear relationship
between (he numbers of nodules and the actoal

1"

number ol cavites (y = 1.8763 + 1.0353x: 17
0.716). The average number of nodules was 104 +
5.0 (runge 2+ 24) and cavities 12.6 £60.9 (range 3 - 28),
i.e. there was an average underestimate of cavities ol
18% resulting from galls large enough to contain
internal cavities, One small and some Lger galls
contained sone cavities pot inside a nodule.

There was o linear relutionship between resh
weight and number ol cavites per gall (y = 37995 +
T0.04x; ¢ = 0.584). Small, solt galls lacking clearly
defined nodules averaged 57.2 = 21.7 mg in weight,
2.0 0.7 mmin length and 4.8 + (1.5 mm in diameler
(n = 4. galls with defined nodules bur lacking
windows" averaged 119.0 £ 55.9 g in weight, 6.3
+ 1.9 i Jengtl and 5.9 % 1.6 min in diameter tn
= [2) und galls wilh both defined nodules and
‘windows' averaged 1510+ 827 mg in weight, 7.5
+ 2.3 mm in length and 74+ 1.4 mm in diameter (n
= |H), Small, soft galls contamed 8.7 + 5.1 cavities
(runze 4 - 16), calls with delined nodules 11.7 £ 7.5
uavities (range 6 =271 and galls with "'windows' 13.4
+ 0.9 cavites (range 3 - 28).

In December 1997, very simall galls (about 3 mm
diwmcter) referred (o as Ceurled leal galls™ were
collected at Morayfield, Leaves growing beyond the
wsalls were uncharacteristically small and distorted,
The average number ol cavities in these salls wias 3
+ 1.4 (range |- ®;n = 10y

Nunther af insects per gall

The 175 galls collected Trom all sites and examined
inJuly 1997 hadan average of 6.1 = 5.2 insects of all
Lypes (range O = 28) per gall, Seventy gally (40% of
the total examined) contained more developing
wasps than flies, These galls had an average of 4.0 =
24 wasps per gall grange |- Ty and 0.8 = 1.1 fhies
per gall trange O - 4y Eighiy-six galls (499%)
contained more fies than wusps, with an average of
6.2 + 3.6 llies (range | - [3) and 0.7 £ 1.7 wasps
(range O - 6) per gall. However, regression analysis
showed that there was o poor relatonship between
the numbers of wasps and numbers of  [hes
developing moa gall 07 = 0.0%6).

Thirey of these galls (17% 0 cantained lepidopteran
inguibines. usually associated  with webbing and
frass. Only ane lepidopteran Luva, from either ol two
pndetermined species, was present in any one gall,
The average number of other ipsects (developing
flies and wasps) per gall contwining o lepidopleran
larva was T & 20 (range 0 - 7). In 33% ol the gulls
with lepidopreran inquilines. the Tarva had eaten out
most of the gall and few flies or wasps survived. In
one gall. six sl 1y larvae were found in the
remaining shell of plant tissue.

Mites, psyllids and rotifers were Tound inor
assoctated with galls and thrips occasionally. Other
wall inguilmes recorded were o colepplerin fava
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Irom one gall. und unidentilicd dipteran larvie (rom
three others.

Biology of Fergusobin assoctatedd with Melleuey
salls

Nematodes were found in 54 (30.5%) palls
collected Trom all sites induly 1997, associued with
lirst and second stage and voung third siage {1y
larvie, They were not Tound o cavitics with mature
third stage (ly larvae, puparia, wasp parasitonls or
lepidopteran inguitines. Very Tew inlective [emiale
nematodes were collected. and then from only (oar
calls, Examiiation of iafective lemules Trom e
vaulls showed thal they were inseminated belore
entering the fly kevae. No parasitic nematodes were
found lrom dissections of male larvae snd pupiriit (n
= 18), Female Lirvae contained an average of 8.3 =
2.7 parasitic nematodes (runge 3 — 11 0 = 9) and
female puparia 3.9 = 2.0 (range O - Y, n = [5)
Unexpectedly, one 1Ty larvie continned ool only
parasitic fenmales bur also several male pematodes,
Nematode eges were Tound o the hacinolymph ol
some puparia. e, egg deposition began helore the
adult fly emerged. and newly emerged lerale fhes
contained  many  juvenile  nematodes  in the
hacmolymph,

Galls collecied Trom Moraylicld i December
1997 were generally earlier in development than
those collected in July and mostly contained only
First stage fty farvae. Nematode developiment was
sinnlatly alan carly stage, and most ol the galls
examined camained only parthenogenclic Temales
aned juvenifes, OF 10 galls dissecial, two were
parpsitised by wasps and contained no nematodes,
OF those containing nematodes, only two had males

und these were the only galls with second stage fly
larvae, The average nmnber of  parthenogenetic
nematodes per cavity in the galls was 2.2 + 0.7
trange 1 - 3.0 = &) The uverage total number ol
nemulodes per cavity was 8.3 £5.6 (range 3 - 20),

Wespr diversity, distribution and stapus

In July 1997, eight species ol Hymenoplent wer
rewred lrom pupae dissected from 38 galls Trom 12
sites (Table 1) Most galls (27) contained wasps ol
only onc species. nine galls contained two species
and twe gatls contained three species. e wasps
were Brucon sp. (Braconidae), Furyioma sp.
(Euryiomidae).  Coclocyby  sp. (Peromalidae),
Neanastatus spo (Bupelmidae ). Cirroxpiluy sp.
(Eulophidac), Megasiigmus sp. (Torymidaey, and
two unidentilied  species. OF these, Eurvioma
appuitred Lo be the most widely disiributed, being
reared Trom 16 galls at 0 sites, Coetaeyba (o 11
calls) amd Neanastanes (lam 12 galls) were cach
reared fromesix sites, Bracon (from 9 gats) ront live
siles, Megastigrmuy (from 3 galls) from two sites und
Cirraspifus (from 3 galls) from twao sites,

Observitions were made of feeding behaviour
und/or emergence of particular wasps from isofuated
pupsnine Coclocyba sp. emerged Trom o puparnim
dissected froma gall i, it s a primaey parasitoid of
Fergusening, Eneviona sp. emerged from isolined
pupue, which had developed Trom larvae ohserved
leeding cotopurasinnally on Fergusouing Lnvae,
Eurytoma lorvae had long, curved mandibles thar
were protruded for feeding, In two palls, cavities
were noted which contained the remains ol young
seeond instar flies and which were connected by
sl tonnels” Lo other cavilies contiaining Ny and

Vanw ), Hywenopreran spp, reared frons pupae iseleded from Fergusoning/lergusobia golly collected o M. guinguencryia

in July 19497,

Colleclion Biacen sp. Ewrvtorne spo oelin sl sp

Nevnwasilies sp

Megastiennn spe Clerospifis spo Unknosviy spe

Site

Conlnm | |

Coulum | 1 |
Adrhield

Roy's Rosul 3 2

Morayfield |

Bracken | | J

Ridgc

Nurhgee t 3 3

Che et 2 3 f 3 Py
Cornda 1

Pottsyille | 4

Oxley Purk | |

Doclindella 2 | 3

Waadhinm I | | 0

Figures indicate the nomber ol galls contaiming the parlicular inseet.



FERGUSUNINAAERGUNORIA GALLS 44

wisp larvae identical o those which developed into
Ewrvton, Fly laevae atiacked by Enryienma Tad
chiracteristic brown garks on - their cotcle.
presumahly resulting from wounding, Pupac that
give 1ise W Brecon sp.owere encased in a loose, sofl
codoon surronnded by Frass, and were dissected from
individual cayitivs. There was 1o evidence that they
moved from cavity (o cavily, Thardening of gall cclls,
assoctated with the presence ol some hymenopierin
mauitines. was observed m four galls,

Discussion

Giiven thin the length of the Fergtesomnim lile cycle,
from cgeg o adul v, s approximately sixo weeks
(Baletunis ef @f. 19930 and the flowering period for
M. guingueucrvie is fram April 1o October annuaty.
ilseems likely than thete anz several generations of
the 1y per year. I remaims unclear what happens
(he 1y over the simmer period Tt was not passible (o
deterrmme 1t the small curled leal galls collected in
Lrecember 1997 contained the sume species of Ty
fonnd in the Larger nodular gulls: 1F they did, the Ty
conld survive the summer and would nor require o
chapiuse:

The work deseribed here has provided the st
i lormution on numbery of parthenogenetic Temale
nematodes i young gulls on M. gaingueneryia bt
e nambers of uvenile nematodes deposited by
femrle fhies was not estublished, This work slso his
conlimred that fective femile nemdaiodes do not
enler male Mies (Curvie 1937) bot nothing i knuwn
abour how they distinguish the sexes. As o with
Fergnsobio species on Eicalvpigs spp, (Fisher &
Nickle 1968: Davies unpub. ). infective females From
M pingaencervia are insemimied while in the gall,
Lhe pumber of female nemutodes parasitie m female
aryae, pupinri und hes feom 8L gudtguencevio is
hivher than for most Fersvoning species bul the
parasitic Temales were simaller thun reported for
spectes o Eucafypris spp (Currie 1937; Fisher &
MNickle 1968, Davies unpub, b,

Calls an M. quingrenervio are much smadler i)
thuse Tonnd on E. canaldidenyis Detinholin (laylor
et ol 199G) und contiin lewer inseels, This supporls
the suggestion (Taylor ez afc 1996) thal gall size s o
reasomable esdmate of reseurce and hepce of
currying capacity of the gull.

The hinlogy of pall sxsocnited  ymenoptera is
copuples and it is often difficult o determine wherher
@OWAS IS i prinary pacasitoid, facultatve parsitond,
hyperparasitord or inguiline (Kiling the resjdent
inseet andd then feeding on the gall tissue) (Bouceh.
1985, Taylor e ol 1996). From  studies ol
Fersisonined Ferguyobia galls oo £ cartaddulensis.
Tavior et al £1990) deseribed Coeloevia sp. as most

likely wabe an inquiline or aprimary endopicisiioid.
Mere, its emergence from o pupidivm Trom 4 gall
confirmed dts sw@tns as oo primary  pacastiond,
Etryvtenia 15 i very Jarge senus, contiining species
with divergen biologics (Taylor ¢ af. 1996), 1ere.
Enrvtoma sp,was observed leeding cotopargsitically
on fergusoninag larvae.  Pupae of Brocew sp, were
dissected  from  individoal - cavities  in galls,
sugzesting that this species of Breacon is a solitoy
cetopurasitoid — of - Ferwsoniia larvie. The
oceurrence of Neanwstates e these galls was ol
particular mferest, becatse this seems w be the first
vecord of this genus rom Fereasonimall ergusobin
pulls, Some Negnoyfans are hyperpardsitoids
(Schnidr pers. cont. 2001 ). There are several records
ol 1t from southern Queensland (Boncek 19881z 61 15
thought 1o be parasitic in cecidomynd palls.

Twelve species of Hymunoptesa were redred from
leal bud galls on £ caenaldulensis ot Goolwa, South
Australise (Taylor e af. 19961 sis Trom lowsr b
walls all on Eucalvprgy spp. in the Canberrn arei
(Currie 1937) amd four from galls on Svaygdem in
India (Harris 1952), Fighl genera have been rearceed
here from galls on M. guingueneryvia, of which five
hine been previonsly associwed with Ferguyonina
Fewer species of hymenopterun parasiloids were
associaled  wilth ndavidual - galls on M
uingneneryic compared o those  on £
citndlelilensey Taylor e alo 1990y This may be
attributgble 100 the Smuller Size ot the galls. In
addition, 10 the Taylor ¢f el stdy galls were bagaad
i the fields so that all wasp species emerging were
collected,  Here, pupae  were collected  from
dissected gulls. so that Lirval stiges swere gencrally
umdentified. wnd vwe species could have hden
missed. OF the genera callecied from Melalenca
wulls, Euryioma sp.. Cocloesba spoand Beacin sp,
appear 1o be most wdespread.

Curric (1937 concluded that parasionds have an
important role in fhe regulation of popukitions o
Pevensemin spp. on Eucalypurs spp.. While s
study represents o short tmes uvd gives na
information dhout temporal variation. b conloms
that when hymenopteran purasiteids and oyulines
are present within galls on M. gitiiguonervia, e
number ol flies [s often reduced. Lepidoplerin
inquilines often consumed  the interior of whaole
oulls. destroyimg both developig flies apd wasps,
The efficacy b Fergusonita in pulential binconteol
programs ol M. gutingienesia in Florida s therelore
likely to be reduced by parasiosm. predaion and
herbivory hy Tocal hymeénopterans and lepidopterians,
However. this may be somewhat compensated (or by
[he oils wnd lerpenes cliaracteastic of Mefalipead
(Altman 1989y which may act ay delerrents o
patasitism and herbivory
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